Transportation infrastructure is a way for governments to achieve development goals by connecting peripheral areas to urban centers. This is particularly important in a country like China where income is highly unequally distributed across space. Yet understanding the gains from transportation infrastructure is difficult because the placement and timing of transportation projects are not random. This paper studies the effects of China's National Trunk Highway System (NTHS) on firms in the peripheral regions. I construct a novel data set of completion times of every segment of the highway system and combine it with a comprehensive data set of Chinese manufacturing firms. To address the endogeneity of placement and timing of the highway construction, I develop a novel time-varying instrumental variable based on a civil engineering model of leastcost construction and local completion rates. The IV results show that firms connected in the peripheral regions experience faster growth in output and sales. To understand the mechanism, I study firms' input choices. Highway connection increases the firms' growth in intermediate inputs and capital, while the growth of labor actually declines. This is consistent with a decline in the prices of capital and intermediate inputs due to access to outside markets. Using panel data is crucial for demonstrating these effects. When using methods similar to previous studies, I find null or opposite results.
Introduction
Access to transportation infrastructure is seen as a crucial element in a nation's growth and development. It reduces the cost of trade and migration, equalizes prices, and facilitates the spread of ideas and technology. Thus, in recent decades, large investments have been devoted to building roads. For example, the World Bank allocates about 12% of its total lending to upgrading road networks in developing countries. Moreover, China's National Trunk Highway System (NTHS) is estimated to have a construction cost of 2 trillion RMB (290 billion US dollars).
There are many possible gains from improved transportation infrastructure. For instance, it can reduce trade cost and inter-regional price gaps (Donaldson, 2015) and lower firms' inventory holdings (Datta, 2012) , or decrease the risk of loss of market access (Brooks and Donovan, 2017) . However, clear identification of the causal effects of an infrastructure project such as a road network remains a challenge. This is due to the potential endogeneity of the placement of the roads.
1 The existing literature has addressed this issue by using instruments based on counterfactual networks. However, these are static instruments that cannot capture the time-varying aspect of large road networks rollout. These results are mixed with some papers finding positive results and others finding negative results from transportation infrastructure.
In this paper, I combine extremely detailed data on the timing of road construction with a comprehensive dataset of Chinese firms to measure the effect of road construction on firm outcomes. I develop a novel instrumental variable strategy to identify the effects of road construction and I show why previous papers have found negative or null results. Using my IV strategy, I find that connecting firms in the periphery leads to higher output and sales growth as well as increased labor productivity. When exploring the mechanism, I find that firms' usage of intermediate inputs and capital grow significantly, but the growth rate of labor employed declines. The differences among the growth of input usage are suggestive that the prices of intermediate inputs and capital have decreased. Moreover, additional estimation results show that connected firms import more machinery from abroad, which are likely more efficient and labor-saving.
I study China's National Trunk Highway System (NTHS), the largest highway construction project in world history. Its objective is to connect provincial capitals and cities with an urban population above 500,000. Given its massive total length (over 110,000 km), a secondary effect is for some non-targeted peripheral locations between the large metropolitan centers to also become connected. I focus on the firms in these peripheral regions, away from the metropolitan centers.
2
In this paper, I construct an unprecedented time series of China's National Trunk Highway System by locating and dating completion dates of 470 segments belonging to the system. To ensure accuracy, we relied on multiple sources. To determine dates, I rely on official newsletters from the highway authority, State Council Announcement, and local newspapers.
Then I combine this with a comprehensive dataset on every medium and large manufacturing firm in China. The firm-level data includes all state-owned firms as well as non-state-owned firms whose sales are more than five million RMB (about 720,000 US dollars in 2018) per year. The variables that I explore include output, sales, inputs, and other measures.
Even though peripheral regions are not explicitly targeted by the NTHS planning process, there might still be endogeneity involved with the highway placement. To address these concerns, I develop a novel instrumental variable approach to address the endogenous placement and timing of the highways. My instrument has two components, one deals with location and the other with timing. To address the unobserved biases in the placement of the NTHS, I construct a counterfactual least-cost path network using standard engineering algorithms similar to those utilized in Faber (2014) . To add time variation to my instrument, I rely on the yearly completion rate of actual highways at the province-level. I compute the total length of highways built in a province in a particular year as a percentage of the total length of highways planned in that province. Then I use the computed percentage as the likelihood that locations on the counterfactual network become connected. My final instrument is the combination of the two components.
My results differ from previous papers that find negative or null results. For instance, Faber (2014) finds that China's NTHS lead to a reduction in industrial and total output growth among the connected peripheral regions relative to non-connected ones.
3 However, his approach uses a ten-year growth rate difference, static instrument, and county-level data, rather than annual growth rates, a dynamic instrument, and firm-level data as used in this paper. To compare my results with the negative effects of NTHS found by Faber (2014) , I
examine variants of our respective approaches. The most important driver of the differences is his use of long-differences. This pools together locations connected for many years with locations connected for a few years and confounds selection between areas that receive roads early and those that receive them late.
4
The empirical approach of this paper is related to recent studies on transport infrastructure. Banerjee et al. (2012) use straight-line connections between pairs of historical cities and "treaty ports" to predict the construction of railway lines in the late 19th and early 20th century China. Baum-Snow et al. (2017) use the configuration of urban transportation infrastructure in 1962 as instruments for more recent transportation infrastructure to achieve exogenous variation in the identification. Faber (2014) , whose instrument resembles closely the geospatial component of mine, constructs hypothetical networks based on straight-lines and least-cost path using geographical characteristics. All the strategies mentioned are static; they do not vary with time and cannot capture the time-series variations of the transportation infrastructure involved. I deploy a dynamic instrument that is capable of estimating the precise time-varying effect of improved road networks, and I show that the dynamic aspect of the instrument is crucial for estimates.
5
This research is related to a growing literature on the study of the regional effects of improved transportation networks. Michaels (2008) finds that the construction of the interstate highway system has led to changes in skill premia across counties in the U.S. Banerjee et al. (2012) determine that proximity to transportation networks has a moderate positive causal effect on per capita GDP levels across sectors in China. Asturias et al. (2018) quantify 4 About 29% of the highways completed in 2007 were finished after 2005. 5 Yang (2016) also constructs a time-varying least-cost path spanning-tree network as an instrument for actual highway connections to evaluate China's highway expansion. For time variation, his instrument relies on national highway construction budget, whereas my instrument is based on province-level completion rate. Note that provincial governments finance about 70% of the construction of NTHS within each province. See Section 3.2 for additional information.
the effects of the Golden Quadrilateral in India and decompose the welfare effects into procompetitive and allocative efficiency. Relative to the existing studies, this paper uses detailed microdata to precisely estimate the causal effects of better roads on firms. With panel data, I can provide more insights on the channels and mechanisms at work. My findings that roads increase capital intensity may relate to the skill premium if capital-skill complementarity is pervasive. (Krusell et al., 2000) The next section presents the background on NTHS and the datasets used in this paper.
Section 3 introduces the empirical approach. Section 4 presents the main estimation results.
Section 5 presents alternative specifications to reconcile with the findings of the existing literature. Section 6 presents additional results on heterogeneous effects. Section 7 concludes.
Background and Data
In this section, I describe the planning and characteristics of China's NTHS, and the dataset used and constructed for the purpose of studying the impact of largest expressway infrastructure in the world. This section is structured as follows. Subsection 2.1 describes the policy background. Subsection 2.2 describes firm-level data. Subsection 2.3 describes trade data and Subsection 2.4 presents the geospatial data.
Policy Background
China's NTHS was originally planned in 1992 by the Chinese State Council, in order to connect all major cities in one single network. The initial network was known as "5-7" network, which refers to five vertical (north-south) and seven horizontal (east-west) routes. population above 500,000 with the nation's capital Beijing. The network had a total length of 35,000 km and was scheduled to be completed in 15 years. However, most of the routes were completed ahead of schedule. Therefore, in late 2004 the central government issued a revision to expanded the original plan. The revised construction plan was known as the "7-9-18" system because there are 7 radial expressways departing from the national capital of Beijing, 9 north-south expressways and 18 east-west expressways. The NTHS is a highly improved system of expressways compared to the previously existing road networks. The NTHS routes are limited access toll roads with at least four lanes (sometimes six lanes or even eight lanes). These expressways are superior in road condition and driving speed relative to the pre-existing national and provincial highways. The expressways in NTHS have a maximum speed limit of 120km/h and a minimum of 70km/h, and penalties for driving below or in excess of the prescribed speed limits are strictly enforced. In contrast, other highways and roads in China usually have a maximum speed limit of 70km/h. Therefore, the expressways of NTHS significantly reduce the travel time. For example, when MeiHe Highway opened in 2006, the driving time between Guangzhou and Meizhou decreased from 6 hours to 4 hours.
The estimated cost for the "7-9-18" system is 2 trillion RMB (about 290 billion US dollars in 2018). The central government only provides limited funding for the construction of NTHS, only about 10% of the total cost, with the rest mainly raised by the provinces.
The provincial and local governments use their budget from vehicle license fees and purchase tax to cover a minor portion of the national highway system construction cost and finance most expenses by borrowing against future tolls.
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The construction speed of the NTHS has been unprecedented: the network grew from less than 5,000km in 1998 to over 60,000km in 2009. 
Firm-level Data
The data for Chinese firms are from the Annual Survey of Industrial Production from 1999 to 2007 conducted by the National Bureau of Statistics of China (NBS). It has been quite commonly used in development economics studies such as Cai and Liu (2009), Hsieh and Klenow (2009) and Khandelwal et al. (2013) . The dataset includes all state-owned firms as well as non-state-owned firms whose sales are more than five million RMB (about 720,000 US dollars in 2018) per year, spanning 37 two-digit industries and 31 provinces or provinceequivalent municipal cities. In this study, I drop utility and mining industries because they are likely less affected by the highway system.
7 The raw data contains over 100,000 firms in 1999 and it grows to over 300,000 in 2007.
Firm-level data for the NBS have several distinct advantages over GDP data estimated and reported by local governments. NBS's data is superior in accuracy, breadth, and detail.
In addition, the panel aspect of firm-level data allows for fixed effects, as well as the notion of entry and exit. 8 By using the Annual Survey of Industrial Production, I can achieve much more precise estimates for the impact of the NTHS on the peripheral regions. This is a notable advantage over existing literature on the impact of the NTHS that uses the GDP data at county-level. As opposed to local aggregate level data, firm-level data is more 7 Both utility and mining industries do not mainly rely on roads to transport their products. Utilities have their own delivery infrastructure, and mining production uses primary railroads for transportation.
8 Cai and Liu (2009) claims that "The information reported to the NBS should be quite reliable, because the NBS has implemented standard procedures in calculating the national income account since 1995 and has strict double checking procedures for 'above-scale' firms. Moreover, firms do not have clear incentives to misreport their information to the NBS, because such information cannot be used against them by other government agencies such as the tax authorities. Misreporting of statistical data was commonly suspected for some time in China, the most notorious was local GDP data provided by local governments." reliable and detailed. Variables of interest in this survey include industry, employment, age, ownership, wage payment, value-added, intermediate inputs, export revenues, inventory, wage payment, debt, profits, investment, fixed assets, and sales. I use the six-digit postcode to locate the firm's county and then use the county location to link to my geospatial dataset described in Section 2.4.
To study firm dynamics for this large transportation improvement, keeping track of firms over time is essential. To guarantee that the panel information of firms is accurate, I use different combinations of firms' identification number, postcode, name (both key information and full name), main representative to match firms over the years. As a result, I have identified over 535,000 unique firms out of 1.8 million observations over nine years. Of these, I can construct a balanced panel for over 33,000 firms over nine years. The panel data is used to study the dynamics firms' outcomes resulting from connection to the NTHS.
Trade Data from Customs Transactions
The trade data are collected from import and export shipping manifests by the customs agency in China. The dataset ranges from 2002 to 2006 and gives detailed information for each trade shipment. In most cases, each entry includes the name of the importer or exporter, the month of declaration, source or destination country, quantity, unit price, and value of the good, along with detailed information such as the 10-digit Harmonized System (HS) classification.
I use this dataset to understand if firms' access to imported inputs, particularly intermediate inputs and capital goods, changes with NTHS connection. Based on Broad Economic Categories (BEC) Revision 4, I focus on the import transactions involving HS codes belonging to intermediate inputs (BEC categories 111, 121, 21, 22, 31, 322, 42 and 53) and capital goods (BEC categories 41 and 521). The total amount of imported inputs is the sum of the two types of goods.
9 In my analysis, I restrict to my trade data to transactions involving imports of firm inputs. I also consider BEC category 4*, "Capital goods (except transport equipment), and parts and accessories", for the import of machinery.
Geospatial Data
This section describes the construction of the time-series of the NTHS and the use of geographic information system (GIS) in this project. In order to better study the impact of the highway system and differentiate the short and long run effect, it is necessary to have precise dates that each highway segment was completed. The existing road data are usually from digitalized maps that are constructed infrequently and between irregular time intervals. In addition, digitalized maps are sometimes inaccurate. In order to precisely located each highway, I verify the roads with OpenStreetMaps, Baidu
Map, and Chinese road atlases. In order to date each highway, I split the whole system into 470 segments. My main source of data to date the highways are the official newsletters 9 Using equivalence from United Nations (1989) , I obtain the relevant HS codes that involve capital goods. 10 Also I find some discrepancy and inaccuracy in the Chinese roads used by Faber (2014) . For example, the maps in his paper show that there is a NTHS expressway connecting the province of Qinghai and Tibet in 2007, however, as of 2015, this portion is yet to be constructed. 
Empirical Approach
This section introduces the empirical approach to estimate the effects of the NTHS on firms that it connects. Subsection 3.1 describes the baseline OLS estimation. Subsection 3.2 describes the instrumental variable that is used to address the endogenous placement and timing of the highways. Subsection 3.3 proposes a specification to study the heterogeneous effects of the NTHS connection on firms with different characteristics.
Baseline Estimation
First, I classify counties into three types depending on their location relative to the NTHS and to the targeted cities: (i) targeted, (ii) connected peripheral, and (iii) non-connected peripheral. Targeted counties are those counties within 50 km radius from the center of a targeted city. There are 54 large metropolitan cities and provincial capitals that the NTHS intended to connect. I exclude the targeted firms in the estimation because NTHS is not the main factor affecting their performance. A firm that is not targeted is a peripheral firm. If a peripheral firm is in a county within a 10km distance from the NTHS, it is a connected peripheral firm. Otherwise, it is a non-connected peripheral firm.
The baseline regression specification (1) explores difference across time (growth), difference across connected firms and not, and difference in growth before and after connection.
where y i,t is an outcome of interest of firm i in year t, α i is a firm fixed effect, γ t is a time fixed effect, Connect i,t is a dummy that indicates whether firm i is connected in year t. X i,t is a vector of firm control variables. The firm outcomes that I examine are output, total sales, profit, value-added, intermediate inputs, capital, labor, and wages. The firm characteristics that I control for are log of total assets, State-Owned Enterprise status and its interaction with connectivity.
Instrumental Variable Approach
Estimating the baseline specification by OLS requires a potentially problematic assumption that counties connected by the NTHS were done so in random fashion. This assumption might be plausible if the NTHS was constructed strictly following the original plan. However, provincial governments are responsible for raising credit and paying for the construction of the highway system. Sometimes local planners may choose to place the road in areas where they expect growth to be faster in the future. Therefore, both placement and timing of the highway are potentially endogenous to the characteristics of locations that were connected.
To address this issue, I create an instrument in two steps: first, I create a least-cost path that solves the endogeneity in the location of the highway placement, and then I use the annual completion rate of actual highways at the province-level to add time variation to my instrument. In principle, fixed effects might account for much of this heterogeneity, but not if locations had differed in time-varying ways. The timing of road construction is, therefore, another potential issue.
In the first step, I construct a hypothetical least-cost path spanning tree network ( Figure   2 ) to proxy for the actual route placement. This counterfactual network is based on the global minimum construction cost to connect all the targeted cities in a single network. In other words, they are the routes that the Chinese State Council would have chosen for the planned policy if construction cost were the only driving factor. The least-cost path spanning tree network is the result by combining two methods. The first method is Dijkstra (1959)'s optimal route algorithm to compute the most economical path between each pair of targeted cities relying on remote sensing data on land cover and elevation. Next, I apply Kruskal (1956)'s minimum spanning tree algorithm on the previously obtained least-cost bilateral routes to compute a network with the least bilateral connections but still connecting every targeted city.
Second, to account for the endogenous timing of the NTHS construction, I construct an instrument based on the yearly highway construction in each province. I calculate the actual length of highways constructed in each province every year as a percentage of the total length of highways in that province. Then I use this percentage as the probability that locations on the hypothetical network become connected. Since provincial governments are in charge of the financing of the highway construction in their province, it is reasonable to assume that their budget is fixed. Therefore, more of the actual highway they build is positively correlated with how much they would have built for the counterfactual highway.
So the IV is constructed by two variables: the connection to the engineering minimum span tree lowest cost and the percentage of the actual highway built in a province as a proportion of the total planned highway in that province.
where ConnectIV c indicates the connection status of county c to the contra-factual highway and P ercentBuilt (p,t) is the percentage of the actual highway built at time t in province j that county i belongs. Figure A2 shows the implementation of the counterfactual highway over time. There might be concerns that province specific growth patterns may affect the results due to the component P ercentBuilt (p,t) , so robustness checks using province linear trend, provincetime fixed effects, and percentage built as control are included in Appendix A.1. Notes: The unit of observation is county-year. The regressions include county and year fixed effects. ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
Firm Heterogeneity Analysis
The effect of becoming better connected to other markets may not be equal for firms of different types. In this subsection, I design a regression strategy to identify the heterogeneous effects that connection to the NTHS may have on firms of distinct characteristics. I add controls for firm characteristics, which may differentially influence the NTHS impact, the specification in equation (1).
where the new variable z i,t is the characteristic to control for the heterogeneous effect. β 3 will capture the heterogeneous effect. The dimensions I consider are firm age, size (defined by total assets), initial export status, total employment and debt to asset ratio.
Main Estimation Results
This section reports OLS and IV estimation results of specification (1) for a number of different firm-level outcomes. Subsection 4.1 presents the results on growth for output, sales, profit, value-added and value-added per worker for all firms in the peripheral regions. Subsection 4.2 presents the same outcomes as the previous subsection but restrict the sample to only firms that existed before the highway connection. Subsection 4.3 explores the channels of growth via firm inputs.
Firm Growth
This subsection reports the estimation results of specification (1) for a set of firm performance outcomes. Table 2 presents OLS and IV results of regressing change of growth rate on the binary NTHS treatment variable and including all the firms observed in the data that are in the peripheral counties. There are two main takeaways from Table 2 -connection has positive impacts on firm growth, but the instrument is necessary to discern this result. Notes: The unit of observation is firm-year. Each point estimate stems from a separate regression. All regressions include firm and year fixed effects. "With Controls" refers to the regressions that include the log of total assets, a dummy for firms whose majority capital are from State-owned Enterprises and the interaction of the ownership dummy with Connect dummy. ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
The OLS estimates of the NTHS connection effect are positive but not statistically significant, and the IV results are not only larger in magnitude but also statistically significant.
This suggests that the planner may have had additional plans to develop particular peripheral counties where growth was expected to be none or slow, so they may have additionally targeted to connect those places with the NTHS. 11 There is more evidence on slow-growing 11 The NTHS planner may have favored certain route placement in the peripheral region for reasons such as peripheral counties being targeted by the NTHS in the subsection on pre-existing firms.
The second clear pattern is that the inclusion of controls such as size and state ownership attenuate the effects of NTHS. Size is actually an important influencer in growth: larger firms in China tend to grow faster. State ownership status is a negative driver of growth; State
Owned Enterprises are likely to decline over time.
The two patterns mentioned above hold for all dependent variables mentioned in Table 2 with the exception of profit, which does not show any statistically significant result. Output is the total value of the final product produced, sales are the total value of revenue from the final product sold and profit is the financial book balance. Value-added in my dataset is simply the difference between the value of output and the value of intermediate good consumption. The large magnitude of the IV Connect on value-added will be addressed in the subsection 4.3. In addition, robustness checks using province linear trend, province-time fixed effects and percentage built as control can be found in Appendix A.1.
Pre-existing Firms
There are many heterogeneities among the firms in connected counties. One of the main characteristics that may affect the causal effect of the NTHS connection is whether a firm started its activity before or after its location was connected by the expressway system. In this paper, an pre-existing firm is one that opens in a location that is not yet connected by the NTHS. On the other hand, a new entrant is a firm that locates itself in a county that is already connected by the expressway system. Due to their starting time, new entrants have corruption, personal goals, and other socio-economic incentives. Alder and Kondo (2018) find that birthplaces of the top officials who were in power during the network's planning are more likely to be closer to the NTHS.
the ability to choose their location such that the observed NTHS connection effect may not be entirely causal.
This subsection reports the estimation results of specification (1) for a set of firm performance outcomes and restricts the data to only include pre-existing firms. Similar patterns as Table 2 are observed in Table 3 . Although OLS and IV estimates are both statistically significant, OLS is negative while IV is positive. These results show that NTHS connect is negatively correlated with peripheral counties growth, suggesting that possibly the planner has chosen locations that are expected to grow significantly slower. However, the expressway connection still leads to higher firm growth.
By my definition, pre-existing firms are those that did not choose their location to be connected by the NTHS. Therefore, it is reasonable for the magnitude results on this subset of the data to be lower than the full dataset, which includes the new entrants. However, we still observe that IV connection has a positive and statistically significant effect on firm growth rate of output, sales, and value Added. To look further in the channels of the increasing growth, we will turn to the inputs.
Inputs
This subsection reports estimation results of specification (1) for firm inputs to explore how the NTHS affect firm performance. Table 4 presents OLS and IV results on intermediates inputs, employment and total assets of the firm when restricting the dataset to only include pre-existing firms. I will focus on the IV results because OLS results are possibly biased by the roads placement. In line with previous firm performance results, firms on the NTHS Notes: The unit of observation is firm-year. Each point estimate stems from a separate regression. All regressions include firm and year fixed effects. "With Controls" refers to the regressions that include the log of total assets, a dummy for firms whose majority capital are from State-owned Enterprises and the interaction of the ownership dummy with Connect dummy. ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
uses more intermediate inputs and capital in their production. Surprisingly, Table 4 also shows that these growing firms are employing fewer workers. At first sight, it may be hard to reconcile the declining growth of employment with a higher growth rate of output. There are two channels that can support this finding: the relative price of inputs and access to labor-saving imported inputs. Notes: The unit of observation is firm-year. Each point estimate stems from a separate regression. All regressions include firm and year fixed effects. "With Controls" refers to the regressions that include a dummy for firms whose majority capital are from State-owned Enterprises and the interaction of the ownership dummy with Connect dummy. ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
The first channel, relative price of inputs, can be explored via the cost minimization of any standard production function. For expositional purposes, I assume Cobb-Douglas production function.
The optimality condition implies that the demand for labor l can be written as a function of factor prices and the quantity produced. Table 4 , we clearly see that demand for labor l shrinks and output y rises. Therefore for equation (5) to hold, it must be the case that the rental rate of capital to wages ratio decreases ( r w ↓). The rental rate of capital is not observed in the data, but the average wage can be computed. Table 5 displays the effects of NTHS on the growth of average wages. The wage in connected firms does not change significantly, so for r w to fall, it must be that the rental rate of capital has decreased. Notes: The unit of observation is firm-year. Each point estimate stems from a separate regression. All regressions include firm and year fixed effects. "With Controls" refers to the regressions that include a dummy for firms whose majority capital are from State-owned Enterprises and the interaction of the ownership dummy with Connect dummy. ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
Next, I explore the second channel by looking at the use of foreign inputs. First, I
aggregate the trade data to the county level to examine the impact of NTHS connection on the value of imported inputs. Counties that do not have firms importing inputs from abroad are assigned a value of zero. 12 Table 6 presents IV results on Imported Inputs for counties in the peripheral regions. Although it shows that there is a generalized pattern of connected counties importing more foreign inputs, only the coefficients on imported capital goods are statistically significant. 13 Table A5 in Appendix A.3 presents OLS results on Imported Inputs for counties in the peripheral regions. Notes: The unit of observation is county-year. Each point estimate stems from a separate regression. All regressions use instrumental variable approach and include county and year fixed effects. All dependent variables are changes in growth rate. Column (1) computes the growth rates as differences in inverse hyperbolic sines between two consecutive years. Column (2) computes the growth rate as differences in logarithms between two consecutive years and setting the zero values to 1. Column (3) uses the mean growth rate between two consecutive years. ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
To further examine the previous results, I look at the imports of capital in particular.
Researchers have found that imported capital goods are major carriers of R&D spillover (Xu and Wang, 1999) , translate into productivity gains (Eaton and Kortum, 2001 ) and increase significantly the per capita income growth rates across developing countries (Lee, 1995) . In most developing countries, bad roads are great impediments to import large and advanced machinery. With the introduction of NTHS, access to imported capital goods, in particular, for connected firms in the peripheral regions may have significantly improved. Table 7 presents the effect of NTHS on the growth rate of imported capital goods on firms in the peripheral regions. 14 The connection indicator is positive and statistically significant suggesting that the import of machinery and other manufactured goods used by industries increased nearly 60% for the connected firms relative to the non-connected firms. 15 China's National Trunk Highway System seems to have allowed connected firms to import more and better technology from abroad and thus allowed them to become much more productive. Notes: The unit of observation is firm-year. Each point estimate stems from a separate regression. All regressions include firm and year fixed effects. ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
Alternative Specifications
Most existing empirical literature including this paper finds that new transport infrastructure are beneficial to locations that become better connected (Banerjee et al., 2012; Datta, 2012; Ghani et al., 2015) . However, Faber (2014) who studies the same infrastructure project as this paper finds that China's NTHS has led to a reduction in GDP growth among connected peripheral regions. His approach uses a static instrument variable and county-level data, which are different from the time-varying instrument and firm-level data used in my approach. Therefore, I examine alternative specifications to find the source of differences between my results and those of Faber (2014) .
The first alternative specification aggregates the firm-level data to county-level. Specification (6) is a modified version of the baseline regression for aggregate level data.
ln (y c,t ) − ln (y c,t−1 ) = α c + γ t + β 1 Connect c,t + ηX c,t + c,t
where y c,t is an outcome of interest of county c in year t, α c is a county fixed effect, γ t is a time fixed effect, Connect c,t is a dummy that indicates whether county c is connected in year t. X c,t is a vector of firm control variables. The county outcomes that I examine are output, total sales, and value-added. The county characteristic that I control for is the log of total industrial assets. Table 8 shows OLS and IV results of the specification (6) county-level regression. The pattern remains the same as firm-level results, the sign of the IV estimates remains positive but they are no longer statistically significant. This evidence suggests that aggregating the firm-level data to county-level causes a loss in precision but the positive impact of NTHS does not change. Notes: The unit of observation is county-year. Each point estimate stems from a separate regression. All regression include county and year fixed effects. "With Control" refers to the regressions that include log of total industrial assets. ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
Then, I introduce a second alternative specification by taking a long-difference in growth instead of yearly growth rate. Still using the firm-level data, this is an approximation to Faber (2014)'s static approach. I use a nine-year difference, which is quite comparable to Faber's ten-year difference. Since I use a nine-year growth rate, the sample size is significantly reduced. Specification (7) is a modified version of the baseline regression to study longdifferences. Notes: The unit of observation is firm. Each point estimate stems from a separate regression. All regression include province fixed effect and log distance to the nearest targeted city. "With Controls" refers to the regressions that include log total assets, a dummy for firms whose majority capital are from State-owned Enterprises and the interaction of the ownership dummy with Connect dummy. ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
where y i,t is an outcome of interest of firm i in year t, α p is a province fixed effect,
is a dummy that indicates whether firm i is connected in the year 2007. X i is a vector of firm control variables. The firm outcomes that I examine are aggregate output, total sales, profit, and value-added. The firm characteristics that I control for are log distance to the nearest targeted city, the log of total assets, State-Owned Enterprise status and its interaction with connectivity. Table 9 presents OLS and IV results of the specification (7). With a nine-year growth rate as the outcome, the estimated effect of NTHS on firms is negative, opposite to the main findings of this paper. It is clear that the main source of difference between Faber (2014) and this paper originates from the fact that he uses long-difference of growth rate whereas I use annual growth rate difference. Notes: The unit of observation is firm. Each point estimate stems from a separate regression. All regression include province fixed effect and log distance to the nearest targeted city. "With Controls" refers to the regressions that include log total assets, a dummy for firms whose majority capital are from State-owned Enterprises and the interaction of the ownership dummy with Connect dummy. ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
The third alternative specification most closely resembles Faber (2014)'s approach. It aggregates firm-level data into county-level and uses a nine-year growth rate difference. X c is a vector of county control variables. The county outcomes that I examine are output, total sales, and value-added. The county characteristic that I control for is the log of total industrial assets. Table 10 shows OLS and IV results of the specification (8) countylevel regression. The estimation results show similar a pattern to the second alternative specification.
Argument for Time Series Data
High-frequency time series is superior to a long-difference dataset, particularly in fast evolving economic settings such as China. Besides, China's NTHS has a progressive rollout. In 1999 only 15.3% of counties were connected whereas by 2007 50.2% of counties had access to the NTHS. With a significant portion of the counties (about 27%) getting the NTHS connection in the last three years of the sample, it is very likely that a nine-year long-difference is unable to correctly identify the effects of the improved transportation network. This issue is even greater concern if the counties connected near the end of the sample period have lower growth than the non-connected counties. In such a case, pooling the firms connected for many years with those connected for a few years can actually lead to finding negative effects. 
Results with Firm Heterogeneity
This section's objective is to use the time-varying instrument developed in this paper to study the potential heterogeneous effects of China's NTHS. Using the specification (3) described in Section 3.3, I explore a range of firms' characteristics that may influence the impact of a better network. The characteristics include firm age, size (defined by total assets), initial export status, total employment, and debt to asset ratio. Firm age is the only characteristic that robustly shows significant heterogeneity in the effects, the remaining characteristics produce insignificant results. The unit of observation is firm-year. All regressions include firm and year fixed effects. Median age is computed at the national industry level. "With Controls" refers to the regressions that include the log of total assets, a dummy for firms whose majority capital are from State-owned Enterprises and the interaction of the ownership dummy with Connect dummy. ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
To control for a firm characteristic, I create a dummy variable to indicate whether a firm above the median of a particular characteristic. The median is computed at three levels -national industrial median, county median, and county industrial median. The main results in this section rely on the national industrial median, but the results at the other levels can be found in Appendix A.3. Table 12 presents the estimation results when above median age is observed for heterogeneity. The IV results clearly suggest that firms above the median age are benefiting the most from the NTHS connection. It is worth noting that the OLS results also display the same pattern. This pattern persists also when the median is computed at the county level or county industrial level. (See Table A6 and A7 in Appendix A.3.) The unit of observation is firm-year. All regressions include firm and year fixed effects. Median age quartile is computed at the national industry level. "With Controls" refers to the regressions that include the log of total assets, a dummy for firms whose majority capital are from State-owned Enterprises and the interaction of the ownership dummy with Connect dummy. ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
However, the observed pattern with firm age is not observed with all the other characteristics explored. Table 13 presents the results when above median assets are considered for heterogeneity. There is no significant effect for the interaction of connection and above median assets, which is evidence that there is no heterogeneous effect of NTHS by firm asset size. The lack of heterogeneous effect is common to all the remain characteristics including initial export status, total employment, and debt to asset ratio. (See Table A8 , A9, and A10 in Appendix A.3.) Moreover, the age-related results are robust to the addition of these variables as controls. Thus, age does not appear to be proxying for productivity or financial situation. The unit of observation is firm-year. All regressions include firm and year fixed effects. Firm age quartile assets is computed at national industrial level. "With Controls" refers to the regressions that include the log of total assets, a dummy for firms whose majority capital are from State-owned Enterprises and the interaction of the ownership dummy with Connect dummy. ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
It can be a concern that median may not be a sufficiently detailed classification, so I also explore quartiles of characteristics. The quartiles are computed at same three levels as the previously used median -national industrial median, county median, and county industrial median. Firm age remains the only characteristic robustly displaying heterogeneous NTHS connection effects, while the other firm characteristics do not show the same pattern. Table   14 presents the estimation results when age quartiles are observed for heterogeneity. Once again, the IV results clearly indicate the connection effects is increasing with high quartile of firm age. Older firms are benefiting the most from the improved transportation network. Other characteristics such as quartiles firm total asset cannot produce any significant heterogeneity.
Conclusion
This paper uses detailed firm-level data, precise highway construction data and a novel timevarying instrument to study the effects of China's NTHS on firms in the peripheral regions.
The empirical results show that the NTHS connection has led to faster growth in output and sales as well as labor productivity. Exploring the channels via firms' inputs, I find that connected firms also have higher growth in intermediate inputs and capital but their labor growth rate declines. Since average wages does not change, the result on inputs suggests that the price of capital and intermediates may have declined. Using trade data, I discover that firms in the connected peripheral regions import more foreign capital goods. This finding is suggestive of more implementation of labor-saving technologies.
In addition to my main results, I also find that strikingly older firms are the ones benefiting most from the NTHS connection. These results are robust and no other firms characteristics are able to produce significant or similarly robust results as firm age. This finding suggests infrastructure is particularly important for older firms, yet the literature currently has no mechanism to explain this. The unit of observation is county-year. Column (1) includes linear province trend, Column (2) includes percentage built and Column (3) includes province-time fixed effects. Column (4) is the baseline result from Table 1 . The regression include county and year fixed effects. ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. Notes: The unit of observation is firm-year. Each point estimate stems from a separate regression. All regressions include a linear trend, firm and year fixed effects. "With Controls" refers to the regressions that include the log of total assets, a dummy for firms whose majority capital are from State-owned Enterprises and the interaction of the ownership dummy with Connect dummy. ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
that controls for linear province trend, percent of highway built and province-time fixed effects, respectively. These results show that the main findings are robust to alternative specifications that address unobserved province-specific growth patterns. Notes: The unit of observation is firm-year. Each point estimate stems from a separate regression. All regressions include a control for percentage of highway built, firm and year fixed effects. "With Controls" refers to the regressions that include the log of total assets, a dummy for firms whose majority capital are from State-owned Enterprises and the interaction of the ownership dummy with Connect dummy. ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. Notes: The unit of observation is firm-year. Each point estimate stems from a separate regression. All regressions include firm, year fixed effects and province-year fixed effects. "With Controls" refers to the regressions that include the log of total assets, a dummy for firms whose majority capital are from Stateowned Enterprises and the interaction of the ownership dummy with Connect dummy. ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. Notes: The unit of observation is county-year. Each point estimate stems from a separate regression. All regressions use OLS estimation and include county and year fixed effects. All dependent variables are changes in growth rate. Column (1) computes the growth rates as differences in inverse hyperbolic sines between two consecutive years. Column (2) computes the growth rate as differences in logarithms between two consecutive years and setting the zero values to 1. Column (3) uses the mean growth rate between two consecutive years. ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. The unit of observation is firm-year. All regressions include firm and year fixed effects. Median age is computed at the county level. "With Controls" refers to the regressions that include the log of total assets, a dummy for firms whose majority capital are from State-owned Enterprises and the interaction of the ownership dummy with Connect dummy. ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. The unit of observation is firm-year. All regressions include firm and year fixed effects. Median age is computed at the county industrial level. "With Controls" refers to the regressions that include the log of total assets, a dummy for firms whose majority capital are from State-owned Enterprises and the interaction of the ownership dummy with Connect dummy. ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. The unit of observation is firm-year. All regressions include firm and year fixed effects. Exporter is a dummy that indicates whether firm has exports before highway connection. "With Controls" refers to the regressions that include the log of total assets, a dummy for firms whose majority capital are from State-owned Enterprises and the interaction of the ownership dummy with Connect dummy. ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. The unit of observation is firm-year. All regressions include firm and year fixed effects. Median employment is computed at the national industry level. "With Controls" refers to the regressions that include the log of total assets, a dummy for firms whose majority capital are from State-owned Enterprises and the interaction of the ownership dummy with Connect dummy. ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. The unit of observation is firm-year. All regressions include firm and year fixed effects. Median Debt Ratio is computed at national industrial level for total debt to assets. "With Controls" refers to the regressions that include a dummy for firms whose majority capital are from State-owned Enterprises and the interaction of the ownership dummy with Connect dummy. ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
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